» 1 

Appl. No. 10/015,202 
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Reply to Office Action of March 9, 2004 

Amendments to the Specification 

Please replace the paragraph beginning at line 1 of page 21 as follows: 

The most distal electrode on the composite subcutaneous electrode is a 
coil electrode 27 that is used for delivering the high voltage cardioversion/ 
defibrillation energy across the heart. The coil cardioversion/defibrillation 
electrode is about 5-10 cm in length. Proximal to the coil electrode are two sense 
electrodes, a first sense electrode 25 is located proximally to the coil electrode and 
a second sense electrode 23 is located proximally to the first sense electrode. The 
sense electrodes are spaced far enough apart to be able to have good QRS 
detection. This spacing can range from 1 to 10 cm with 4 cm being presently 
preferred. The electrodes may or may not be circumferential with the preferred 
embodiment. Having the electrodes non-circumferential and positioned outward, 
toward the skin surface, is a means to minimize muscle artifact and enhance QRS 
signal quality. The sensing electrodes are electrically isolated from the 
cardioversion/defibrillation electrode via insulating areas 29. Similar types of 
cardioversion/defibrillation electrodes are currently commercially available in a 
transvenous configuration. For example, U.S. Patent No. 5,534,022, the entire 
disclosure of which is herein incorporated by reference, disclosures discloses a 
composite electrode with a coil cardioversion/defibrillation electrode and sense 
electrodes. Modifications to this arrangement [[is]] are contemplated within 
the scope of the invention. One such modification is illustrated in FIG. 2 where 
the two sensing electrodes 25 and 23 are non-circumferential sensing electrodes 
and one is located at the distal end, the other is located proximal thereto with the 
coil electrode located in between the two sensing electrodes. In this embodiment 
the sense electrodes are spaced about 6 to about 12 cm apart depending on the 
length of the coil electrode used. FIG. 3 illustrates yet a further embodiment 
where the two sensing electrodes are located at the distal end to the composite 
electrode with the coil electrode located proximally thereto. Other possibilities 
exist and are contemplated within the present invention. For example, having 
only one sensing electrode, either proximal or distal to the coil cardioversion/ 
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defibrillation electrode with the coil serving as both a sensing electrode and a 
cardi o version/def i bri 1 1 ati on electrode. 



Please replace the paragraph beginning at line 20 of page 28 as follows: 

FIG. 7 schematically illustrates the method for implanting the S-ICD of 
the present invention. An incision 31 is made in the left anterior axillary line 
approximately at the level of the cardiac apex. This incision location is distinct 
from that chosen for S-ICD placement and is selected specifically to allow both 
canister location more medially in the left inframammary crease and lead 
positioning more posteriorly via the introducer set (described below) around to 
the left posterior axillary line lateral to the left scapula. That said, the incision can 
be anywhere on the thorax deemed reasonably by the implanting physician 
although in the preferred embodiment, the S-ICD of the present invention will be 
applied in this region. A subcutaneous pathway 33 is then created medially to the 
inframmary inframammary crease for the canister and posteriorly to the left 
posterior axillary line lateral to the left scapula for the lead. 

Please replace the paragraph beginning at line 16 of page 29 as follows: 

The S-ICD canister 11 is then placed subcutaneously at the location of the 
incision or medially at the subcutaneous region at the left inframmary 
inframammary crease. The subcutaneous electrode 13 is placed with a specially 
designed curved introducer set 40 (see FIG. 8). The introducer set comprises a 
curved trocar 42 and a stiff curved peel away sheath 44. The peel away sheath is 
curved to allow for placement around the rib cage of the patient in the 
subcutaneous space created by the trocar. The sheath has to be stiff enough to 
allow for the placement of the electrodes without the sheath collapsing or 
bending. Preferably the sheath is made out of a biocompatible plastic material 
and is perforated along its axial length to allow for it to split apart into two 
sections. The trocar has a proximal handle 41 and a curved shaft 43. The distal 
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end 45 of the trocar is tapered to allow for dissection of a subcutaneous path 33 in 
the patient. Preferably, the trocar is cannulated having a central Lumen 46 and 
terminating in an opening 48 at the distal end. Local anesthetic such as lidocaine 
can be delivered, if necessary, through the lumen or through a curved and 
elongated needle designed to anesthetize the path to be used for trocar insertion 
should general anesthesia not be employed. The curved peel away sheath 44 has 
a proximal pull tab 49 for breaking the sheath into two halves along its axial shaft 
47. The sheath is placed over a guidewire inserted through the trocar after the 
subcutaneous path has been created. The subcutaneous pathway is then 
developed until it terminates subcutaneously at a location that, if a straight line 
were drawn from the canister location to the path termination point the line would 
intersect a substantial portion of the left ventricular mass of the patient. The 
guidewire is then removed leaving the peel away sheath. The subcutaneous lead 
system is then inserted through the sheath until it is in the proper location. Once 
the subcutaneous lead system is in the proper location, the sheath is split in half 
using the pull tab 49 and removed. If more than one subcutaneous electrode is 
being used, a new curved peel away sheath can be used for each subcutaneous 
electrode. 

Please replace the paragraph beginning at line 14 of page 31 as follows: 

The S-ICD will have prophylactic use in adults where chronic 
transvenous/epicardial ICD lead systems pose excessive risk or have already 
resulted in difficulty, such as sepsis or lead fractures. It is also contemplated that 
a major use of the S-ICD system of the present invention will be for prophylactic 
use in children who are at risk for having fatal arrhythmias, where chronic 
transvenous lead systems pose significant management problems. Additionally, 
with the use of standard transvenous ICDs in children, problems develop during 
patient growth in that the lead system does not accommodate the growth. FIG. 9 
illustrates the placement of the S-ICD subcutaneous lead system such that he 
problem that growth presents to the lead system is overcome. The distal end of 
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the subcutaneous electrode is placed in the same location as described above 
providing a good location for the coil cardioversion/defibrillation electrode 27 and 
the sensing electrodes 23 and 25. The insulated lead 21, however is however, is 
no longer placed in a taught in a taut configuration. Instead, the lead is 
serpiginously placed with a specially designed introducer trocar and sheath such 
that it has numerous waves or bends. As the child grows, the waves or bends will 
straighten out lengthening the lead system while maintaining proper electrode 
placement. Although it is expected that fibrous scarring especially around the 
defibrillation coil will help anchor it into position to maintain its posterior 
position during growth, a lead system with a distal tine or screw electrode 
anchoring system 52 can also be incorporated into the distal tip of the lead to 
facilitate lead stability (see FIG. 1). Other anchoring systems can also be used 
such as hooks, sutures, or the like. 

Please replace the paragraph beginning at line 20 of page 39 as follows: 

The two cardioversion/defibrillation electrodes on the housing are used for 
delivering the high voltage cardioversion/defibrillation energy across the heart. In 
the preferred embodiment, the cardioversion/defibrillation electrodes are coil 
electrodes, however, other cardioversion/defibrillation electrodes could be used 
such as having electrically isolated active surfaces or platinum alloy electrodes. 
The coil cardioversion/defibrillation electrodes are about 5-10 cm in length. 
Located on the housing between the two cardioversion/defibrillation electrodes 
are two sense electrodes 1425 and 1427. The sense electrodes are spaced far 
enough apart to be able to have good QRS detection. This spacing can range from 
1 to 10 cm with 4 cm being presently preferred. The electrodes may or may not 
be circumferential with the preferred embodiment. Having the electrodes non- 
circumferential and positioned outward, toward the skin surface, is a means to 
minimize muscle artifact and enhance QRS signal quality. The sensing electrodes 
are electrically isolated from the cardioversion/defibrillation electrode via 
insulating areas 1423. Analogous types of cardioversion/defibrillation electrodes 



Page 5 of 12 



Appl. No. 10/015,202 

Amdt. dated June 2, 2004 

Reply to Office Action of March 9, 2004 

are currently commercially available in a transvenous configuration. For 
example, U.S. Patent No. 5,534,022, the entire disclosure of which is herein 
incorporated by reference, discloses a composite electrode with a coil 
cardioversion/defibrillation electrode and sense electrodes. Modifications to this 
arrangement [[is]] are contemplated within the scope of the invention. One 
such modification is to have the sense electrodes at the two ends of the housing 
and have the cardioversion/defibrillation electrodes located in between the sense 
electrodes. Another modification is to have three or more sense electrodes spaced 
throughout the housing and allow for the selection of the two best sensing 
electrodes. If three or more sensing electrodes are used, then the ability to change 
which electrodes are used for sensing would be a programmable feature of the 
US-ICD to adapt to changes in the patient physiology and size over time. The 
programming could be done via the use of physical switches on the canister, or as 
presently preferred, via the use of a programming wand or via a wireless 
connection to program the circuitry within the canister. 

Please replace the paragraph beginning at line 3 of page 45 as follows: 

The S-ICD and US-ICD, in alternative embodiments, have the ability to 
detect and treat atrial rhythm disorders, including atrial fibrillation. The S-ICD 
and US-ICD have two or more electrodes that provide a far-field view of cardiac 
electrical activity that includes the ability to record the P-wave of the 
electrocardiogram as well as the QRS. One can detect the onset and offset of 
atrial fibrillation by referencing to the P-wave recorded during normal sinus 
rhythm and monitoring for its change in rate, morphology, amplitude and 
frequency content. For example, a well-defined P-wave that abruptly disappeared 
and was replaced by a low-amplitude, variable morphology signal would be a 
strong indication of the absence of sinus rhythm and the onset of atrial fibrillation. 
In an alternative embodiment of a detection algorithm, the ventricular detection 
rate could be monitored for stability of the R-R coupling interval. In the 
examination of the R-R interval sequence, atrial fibrillation can be recognized by 
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providing a near constant irregularly irregular coupling interval on a beat-by-beat 
basis. [[A]] An R-R interval plot during AF appears "cloudlike" in appearance 
when several hundred or thousands of R-R intervals are plotted over time when 
compared to sinus rhythm or other supraventricular arrhythmias. Moreover, a 
distinguishing feature compared to other rhythms that are irregularly irregular, is 
that the QRS morphology is similar on a beat-by-beat basis despite the irregularity 
in the R-R coupling interval. This is a distinguishing feature of atrial fibrillation 
compared to ventricular fibrillation where the QRS morphology varies on a beat- 
by-beat basis. In yet another embodiment, atrial fibrillation may be detected by 
seeking to compare the timing and amplitude relationship of the detected P-wave 
of the electrocardiogram to the detected QRS (R-wave) of the electrocardiogram. 
Normal sinus rhythm has a fixed relationship that can be placed into a template 
matching algorithm that can be used as a reference point should the relationship 
change. 



Please replace the paragraph beginning at line 5 of page 48 as follows: 

The core member of the different sized and shaped US-ICD will all be the 
same size and shape. That way, during an implantation proc e dur e s procedure , 
multiple sized US-ICDs can be available for implantation, each one without a 
core member. Once the implantation procedure is being performed, then the 
correct sized US-ICD can be selected and the core member can be inserted into 
the US-ICD and then programmed as described above. Another advantage of this 
configuration is when the battery within the core member needs replacing it can 
be done without removing the entire US-ICD. 
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